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Abstract 

Background: Previous functional imaging studies using symptom provocation in patients with social anxiety 
disorder (SAD) reported inconsistent findings, which might be at least partially related to different time-dependent 
activation profiles in different brain areas. In the present functional magnetic resonance imaging study, we used a 
novel video-based symptom provocation design in order to investigate the magnitude and time course of activation in 
different brain areas in 20 SAD patients and 20 healthy controls. 

Results: The disorder-related videos induced increased anxiety in patients with SAD as compared to healthy controls. 
Analyses of brain activation to disorder-related versus neutral video clips revealed amygdala activation during the first 
but not during the second half of the clips in patients as compared to controls. In contrast, the activation in the insula 
showed a reversed pattern with increased activation during the second but not during the first half of the video clips. 
Furthermore, a cluster in the anterior dorsal anterior cingulate cortex showed a sustained response for the entire 
duration of the videos. 

Conclusions: The present findings suggest that different regions of the fear network show differential temporal 
response patterns during video-induced symptom provocation in SAD. While the amygdala is involved during initial 
threat processing, the insula seems to be more involved during subsequent anxiety responses. In accordance with 
cognitive models of SAD, a medial prefrontal region engaged in emotional-cognitive interactions is generally 
hyperactivated. 

Keywords: Social anxiety disorder. Symptom provocation. Functional magnetic resonance imaging (fMRI), 
Amygdala, Insula, Medial prefrontal cortex 



Background 

Individuals suffering from social anxiety disorder (SAD), 
classified as social phobia in DSM-IV-TR [1], show exag- 
gerated fear responses in social or performance situations. 
In particular, patients are excessively concerned about be- 
ing evaluated negatively by others. In search of the neural 
basis of SAD, different brain areas have been identified 
that seem to be involved in SAD. By means of functional 
brain imaging, heightened activation of the amygdala 
has been found during the processing of disorder- related 
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stimuli (for example, [2-9]) as well as during symptom 
provocation in SAD patients (for example, [10-14]), 
supporting the assumed role of the amygdala in threat 
processing [15,16]. Furthermore, several other regions 
have been associated with increased activation in SAD, 
including medial prefrontal areas, for example, dorsal 
anterior cingulate cortex (ACC) and dorsomedial pre- 
frontal cortex (dmPFC), and the insular cortex (for ex- 
ample, [3,5,8,10,17-20]). Medial prefrontal cortex areas 
have been proposed to be linked to explicit emotional 
evaluation, emotional-cognitive interactions, self-referential 
processing, and emotion-regulation [21-26]. The insula 
seems to be involved in interoception and representation 
of bodily states [27-29] and might support aversive feelings 
by evaluating arousal responses [28,30,31]. 
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However, although these areas have been repeatedly 
shown to be associated with the processing of disorder- 
relevant stimuli in SAD and other anxiety disorders [32], 
reported brain activation patterns are rather inconsistent 
across studies with most studies describing different areas 
to be involved. Furthermore, there are only few symptom 
provocation studies as compared to the large number of 
studies that investigated the neural correlates during the 
processing of social stimuli such as facial expressions in 
SAD patients. Remarkably, even though disorder-related 
stimuli such as emotional faces do not induce reliable 
anxiety symptoms in patients, they seem to activate parts 
of an emotional network. However, findings are variable 
and strongly depend on task conditions [8,9] and time 
course parameters [18,33]. 

Reliable anxiety responses are induced by symptom 
provocation designs such as actual or anticipated public 
performance. Furthermore, findings from anxiety symp- 
tom provocation studies should provide stronger evi- 
dence which regions are involved in anxiety symptoms 
in SAD. While some symptom provocation studies re- 
ported increased amygdala activation during public 
speaking in patients with SAD [11-14,34], studies using 
other symptom provocation tasks did not [35-37]. Simi- 
larly, there are also inconsistencies regarding the involve- 
ment of the insula (see [10,12,13,35-38]) and prefrontal 
regions in SAD [12-14,34,36,37]. 

Obviously, threat-related brain activation in SAD de- 
pends on various factors, which are not well understood 
yet. For example, some symptom provocation tasks such as 
overt speaking tasks are associated with active performance 
but are also inherently susceptible to brain imaging- 
relevant artefacts such as head movements and per- 
formance differences between patients and controls. 
Moreover, in different tasks, different functions of the 
threat-processing network might be involved. Furthermore 
and most importantly, brain activation was shown to vary 
over time in response to anticipatory anxiety in social 
anxiety (see [10]) and some variability in previous findings 
may be due to different time courses of brain activation. 
Accordingly, there is general evidence that indicates differ- 
ent time courses of several brain areas within the defense 
cascade (for example, [39,40]). Thus, while the amygdala 
has been suggested to be primarily relevant during the ini- 
tial period of threat processing in healthy participants and 
patients with phobias (for example, [39-42]), the insula 
and prefrontal areas were shown to be associated with ex- 
plicit and more sustained fear responses [39,40,42-44]. In 
SAD, the time course of activation in different brain areas 
during symptom provocation is largely unknown. A recent 
study found increased amygdala activation only during the 
first half of an anticipatory threat interval in SAD [10]. 

In the present study, we used a novel symptom provo- 
cation design in SAD by presenting disorder-related and 



neutral video clips. We developed a new set of video 
stimuli for symptom provocation in SAD, based on evi- 
dence that the use of short film clips represents one of 
the most effective and reliable methods to induce emo- 
tions in laboratory settings [45-47]. The study aimed to 
investigate increased brain activation in several areas 
that have been identified to be important in SAD during 
symptom provocation (amygdala, insula, ACC, and 
dmPFC). Activation was modelled to account (a) for the 
full time course of the video clips, and (b) specifically, 
for the first and (c) second half of the clips. If the amyg- 
dala bears specific relevance for initial threat processing, 
effects should be most pronounced during the first half 
of the video clips. In contrast, responses in other areas 
should also be manifest during the second half of the 
video clips or may occur specifically during the second 
half of the clips. 

Methods 

Participants 

Twenty-one patients with a primary diagnosis of SAD of 
the generalized subtype and 20 healthy control partici- 
pants (HC) took part in the study. Due to strong head 
movement (>3 mm) one patient had to be excluded 
from analyses. Therefore, the final sample comprised 20 
SAD and 20 HC participants. All were right-handed with 
normal or corrected-to-normal vision. They were re- 
cruited via public announcement and provided written 
informed consent for participation. The study was ap- 
proved by the ethics committee of the University of Jena. 
Diagnoses were confirmed by clinical psychologists ad- 
ministering the Structured Clinical Interview for DSM-IV 
Axis I and II disorders (SCID I and II [48,49]). Exclusion 
criteria were any of the following: (1) A diagnosis of panic 
disorder and/or agoraphobia, current alcohol/ substance 
abuse, psychotic disorder, dementia, primary or secondary 
major depression; (2) a history of seizures or head injury 
with loss of consciousness; (3) a severe uncontrollable 
medical condition; and (4) the use of any psychotropic 
medication within the preceding 6 months. HC were free 
of any psychopathology and medication. In the SAD sam- 
ple, co-morbidities were specific phobia (n = 3), obsessive- 
compulsive disorder (n = 1), bulimia nervosa (recurrent in 
full remission; n = 1), and depressive episodes in the past 
(n = 5). Six patients also met the criteria of an Axis II per- 
sonality disorder (anxious (avoidant) personality disorder, 
dependent personality disorder). Patients with SAD and 
HC participants were matched for age (SAD: 23.85 years, 
HC: 24.20 years, /:[38] = 0.45, P >0.05), gender (SAD: 10 
women, HC: 10 women, ;^[1] = 0.00, P >0.05) and educa- 
tion (all participants had high school graduation with a 
minimum school period of 12 years). Before scanning, all 
participants completed the LSAS (Liebowitz Social 
Anxiety Scale, German version, [50]) and the BDI (Beck 
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Depression Inventory, German version, [51]) question- 
naire. SAD patients scored significantly higher on both 
LSAS (SAD: LSAS = 71.95, HQ LSAS = 10.65, /:[38] = 
18.23, P <0.05) and BDI (SAD: BDI = 11.90, HC: BDI = 
3.05, ^[38] = 8.33, P <0.05) questionnaires than HC 
participants. 

Paradigm 

Stimuli consisted of disorder- related (social) and disorder- 
unrelated (neutral) video clips that lasted 24 s each. The 
clips were developed by our group and filmed with the 
help of experienced actors who belonged to student or 
layman theater groups. The clips showed a man or woman 
(counter-balanced) acting either in a social (social activity) 
or in a corresponding neutral situation (same environment 
but actor is alone and engaged in a non-social activity). 
Prototypically feared situations for the generalized subtype 
of SAD were subsumed in four broad categories: (1) for- 
mal interaction situations (for example, oral examina- 
tions); (2) informal interaction situations (for example, 
asking someone for directions); (3) situations that require 
self-assurance (for example, complaints about goods); and 
(4) situations where the actors behavior is observed by 
others (for example, during social eating; see Additional 
file 1: Table SI: Description of the used video clips). Eight- 
een disorder-related and 18 neutral video clips were 
chosen from an initial pool of 36 social and 36 neutral 
clips by five leading German experts on SAD with ex- 
tensive experience in diagnosis and therapy of SAD (see 
Acknowledgments) who judged the anxiety-inducing 
potential and social phobia-relevance of the clips on 
nine-point Likert scales. Based on these ratings, a final 
set of maximally anxiety-inducing and SAD-related vid- 
eos was chosen which comprised five videos for the cat- 
egories (1) and (4) and four videos for the categories (2) 
and (3), respectively. All disorder-related videos had to 
exceed a rating cutoff score of Kg = 5 and neutral videos 
had to fall below Kg. On average, phobia-relevance of 
disorder-related videos used in the present study was 
rated M = 7.10 (SD = ±.52), and anxiety-inducing poten- 
tial was rated M = 7.03 (SD = ±.81), while neutral videos 
were rated only minimally anxiety-inducing (M = 2.10 
(SD = ±0.54)) and phobia-relevant (M = 2.04 (SD = ±0.52)). 
The order of clips was pseudo-randomized with no more 
than two clips of the same category (social or neutral) suc- 
ceeding each other. Inter-stimulus interval (white fixation 
cross in front of a black screen) was set to 16 s. Partici- 
pants were asked to focus on the main actor of the scene, 
to take his/her perspective and to empathize as much as 
possible with her/his behavior. 

After magnetic resonance imaging (MRI), participants 
were re-exposed to the clips and were asked to rate 
valence, arousal, and anxiety which were induced by 
each clip on a nine-point Likert scale (valence: 1 = very 



pleasant to 9 = very unpleasant, whereas 5 = neutral; 
arousal: 1 = not arousing to 9 = very arousing; anxiety: 
1 = not anxious to 9 = very anxious). Behavioral data 
were analyzed by repeated measures analyses of variance 
(ANOVA) and subsequent t- tests using SPSS software 
(Version 19.0.0.1, SPSS, Inc.). For ANOVAs and t-tests a 
probability level of P <0.05 was considered statistically 
significant. 

Functional magnetic resonance imaging 

Scanning was performed in a 1.5 Tesla magnetic reson- 
ance scanner ('Magnetom VISION Plus! Siemens, Med- 
ical Solutions, Erlangen, Germany). After a Tl-weighted 
anatomical scan, two runs with 184 volumes (each video 
clip appeared once in a run) were conducted using a 
T2*-weighted echo-planar sequence (TE, 50 ms; flip 
angle, 90°; matrix, 64 x 64; field of view, 192 mm; TR, 
3.9 s). Each volume consisted of 40 axial slices (thick- 
ness, 3 mm; gap, 0 mm; in plane resolution, 3x3 mm). 
The first four volumes were discarded from analysis to 
ensure steady- state tissue magnetization. 

Functional magnetic resonance imaging (fMRI) data 
preprocessing and analyses were realized by Brain Voyager 
QX software (Version 1.10.4; Brain Innovation BV). As a 
first step of preprocessing, all volumes were realigned to 
the first volume in order to minimize artifacts due to head 
movements. Afterwards, spatial (8 mm full-width half- 
maximum isotropic Gaussian kernel) and temporal filter 
were applied (high pass filter: 3 cycles per run; low pass 
filter: 2.8 s; linear trend removal). Then, the anatomical 
and functional images were co-registered and normalized 
to the Talairach space [52]. 

Statistical analyses of blood oxygen-level-dependent 
(BOLD) data were performed by multiple linear regres- 
sion of its signal time course at each voxel. The expected 
signal change of BOLD response for each event type 
(predictor) was modeled by a canonical hemodynamic 
response function. First, the whole duration intervals of 
the video clips were defined as predictors. Second, for 
investigating the time course of activation, the period of 
brain activation to social and neutral video clips was di- 
vided into two succeeding parts of 12 s each and a new 
general linear model (GLM) was computed. Both GLMs 
comprised motion correction parameters as events of no 
interest. Statistical comparisons were realized using a 
mixed effect analysis, which considers inter-subject vari- 
ance and permits population-level inferences. Then, 
voxel-wise statistical maps were generated and the rele- 
vant, planned contrasts of predictor estimates (beta- 
weights) were computed for each individual. After that, 
a random effects group analysis of these individual con- 
trasts was performed. 

First, analyses were conducted for specific regions of 
interest (ROIs). Following the approach recommended 
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by Eickhoff et al [53], we extracted the amygdala ROI 
consisting of three bilateral amygdala maximum prob- 
ability maps (laterobasal, centromedial, and superficial; 
9,077 mm^ in total) of the anatomy toolbox [54]. ROIs 
for the bilateral insula (32,822 mm^), ACC (23,963 mm^), 
and dmPFC (medial division of the superior frontal cortex; 
44,945 mm^) were extracted from the AAL atlas included 
in WFU PickAtlas software [55-57]. Using MATLAB 
(Version 7.8; The Math Works, Inc) all maps were trans- 
formed into Brain Voyager-compatible Talairach coordi- 
nates via ICBM2tal [58]. Second, whole brain analyses 
were conducted. 

Statistical parametric maps resulting from voxel-wise 
analyses were considered statistically significant for 
clusters that survived a correction for multiple com- 
parisons. For this purpose, we used the approach as im- 
plemented in Brain Voyager (based on a 3D extension of 
the randomization procedure described by Forman et al. 
[59]). First, voxel-level threshold was set to P <0.005 
(uncorrected) for the ROI-based and to P <0.001 (un- 
corrected) for the whole brain analyses. Then, threshold 
maps were submitted to a correction for multiple com- 
parisons that was firstly calculated for each ROI and 
secondly for the whole brain. The correction is based on 
the estimation of the cluster threshold that is the min- 
imal number of voxels necessary to control for multiple 
comparisons. The cluster threshold criterion was based 
on an estimate of each maps spatial smoothness [59] 
and on an iterative procedure (Monte Carlo simulation). 
The Monte-Carlo simulation used 1,000 iterations in 
order to estimate the minimum cluster size threshold 
that yielded a cluster-level false-positive rate of 5%. The 
cluster size thresholds (full length: amygdala, 88 mm^; 
insula, 180 mm^; ACC, 142 mm^; dmPFC, 167; first and 
second half: amygdala, 79 mm^; insula, 162 mm^; ACC, 
108 mm^; dmPFC, 156 mm^) were applied to the statis- 
tical maps. Finally, activation of peak voxels in the ROIs 
was correlated with symptom severity as measured by 
LSAS. For this purpose SPSS was used. 

Results 

Rating data 

Analyses of post scanning stimulus ratings showed that 
both SAD patients and HC participants rated social 
video clips as more negative (F[l,38] = 170.61, P <0.05), 
more arousing (F[l,38] = 222.71, P <0.05), and more 
anxiety-inducing (F[l,38] = 185.69, P <0.05) than neutral 
video clips. Additionally, SAD patients as compared to 
controls rated all video clips as more unpleasant (F[l,38] = 
24.23, P <0.05), more arousing (F[l,38] = 24.68, P <0.05), 
and anxiety inducing (F[l,38] = 32.97, P <0.05). Further- 
more, there was a significant group by condition inter- 
action (valence: F[l,38] = 37.65, P <0.05; arousal: F[l,38] = 
11.16, P <0.05; anxiety: F[l,38] = 76.46, P <0.05) with 



increased ratings for social versus neutral video clips in 
SAD patients as compared to HC participants. Figure 1 
shows rating data for SAD and HC participants. 

fMRI data 

Interaction group by video valence 

We investigated BOLD activation during the full length 
of video clips and during the first and second period of 
clip presentation. When analyzing the full length of the 
social versus neutral video clips in SAD as compared to 
HC participants, we only detected significant activation 
differences in the prefrontal cortex. There was a cluster 
of activated voxels in the right anterior dorsal ACC 
(peak voxel Talairach coordinates: x = 14; y = 20; z = 28; 
size = 1,026 mm^; /:[38] = 4.45; see Figure 2). 

However, when analyzing BOLD activation during the 
first and second half of the video clips separately, we ob- 
served a hyperactivation of the left amygdala in response 
to social versus neutral video clips during the first half of 
the video clips in SAD patients as compared to HC par- 
ticipants (peak voxel Talairach coordinates: x = -23; y = 0; 
z = -19; size = 81 mm^ /:[38] = 2.93; probability = 50%; see 
Figure 3). In contrast, activation in the left insula dif- 
fered significantly during the second half of the social 
versus neutral video clips in SAD as compared to HC 
participants. There were two clusters of hyperactivated 
voxels in the left (anterior cluster: peak voxel Talairach 
coordinates: x = -24; y = 23; z = 13; size = 756 mm^; ^[38] 
= 3.61; mid-insula cluster: peak voxel Talairach coordi- 
nates: X = -36; y = 5; z = 16; size = 648 mm^; ^[38] = 4.31; 
see Figure 4) and in the right insula (anterior cluster: 
peak voxel Talairach coordinates: x = 36; y = 20; z = 13; 
size = 999 mm^; ^[38]=4.11; mid-insula cluster: peak 




Figure 1 Valence, arousal, and anxiety ratings (mean ± standard 
error) for social and neutral video clips in patients with social 

anxiety disorder (SAD) and healthy control participants (HC). 

) 
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-0.15 



-0.2 
-0.25 

first half second half 

Figure 2 Differential brain activation in the anterior dorsal ACC 
during the social vs. neutral video clip presentation. Patients 
with social anxiety disorder (SAD) displayed an enhanced activation 
as compared to healthy control participants (HC) during the first as 
well as during the second part of the video clips (social > neutral). 
Statistical parametric maps are overlaid on a Tl scan (radiological 
convention: left = right). The plot at the bottom displays contrasts of 
parameter estimates (social vs. neutral video clips for first and 
second half separately; mean ± standard error for maximally 
activated voxel). 

\ J 



voxel Talairach coordinates: x = 42; y = -1; z = 13; size = 
324 mm^; ^[38] = 3.83; see Figure 4) for social versus 
neutral video clips during the second half in SAD versus 
HC subjects. 

Furthermore, a cluster in the anterior dorsal ACC was 
found to be stronger activated in SAD versus HC partici- 
pants during both halves of the social versus neutral 
video clips. The clusters were almost at the same loca- 
tion with similar peak voxels (first half: peak voxel 
Talairach coordinates: x = 14; y = 21; z = 29; size = 
108 mm^; ^[38] = 3.22; second half: peak voxel Talairach 
coordinates: x = 9; y = 27; z = 29; size = 1,431 mm^; ^[38] 
= 4.44). Within the ROIs, there were no clusters of 
greater activation during neutral > social video clips in 
SAD versus HC subjects. For the sake of completeness, 
results of the whole brain analysis are shown in Table 1, 
indicating primarily additional increased activations in 




first half second half 

Figure 3 Differential brain activation during the first half of the 
social vs. neutral video clips. Patients with social anxiety disorder 
(SAD) displayed an enhanced activation in the left amygdala as 
compared to healthy control participants (HC; social > neutral video 
clips). Statistical parametric maps are overlaid on a Tl scan 
(radiological convention: left= right). The plot shows contrasts of 
parameter estimates (social vs. neutral video clips for first and 
second half separately; mean ± standard error for maximally 
activated voxel). 

) 

SAD patients in (pre) frontal cortex during both halves of 
the videos. 

Correlational analysis 

Finally, correlations between activation of significant 
peak voxels within the ROIs and symptom severity in 
SAD as measured by LSAS was investigated. This re- 
vealed no significant correlation in SAD patients (for all 
analyses P >0.05). 

Discussion 

The present study investigated brain activation in re- 
sponse to disorder-related and anxiety-provoking video 
clips versus neutral video clips in patients with SAD and 
healthy controls. Results showed that brain activation 
varies over time during symptom provocation in SAD 
as compared to HC subjects. The left amygdala was 



Boehme et at. Biology of Mood & Anxiety Disorders 2014, 4:6 
http://www.biolnnoodanxietydisord.conn/content/4/1/6 



Page 6 of 9 




II 0^ 

S ^ -0.15 



Figure 4 Differential brain activation during the second lialf of the social vs. neutral video clips. Patients with social anxiety disorder (SAD) 
displayed enhanced activation within the left and right anterior and mid-insula as compared to healthy control participants (HC; social > neutral 
video clips). Statistical parametric maps are overlaid on a Tl scan (radiological convention: left = right). The bar graphs show contrasts of parameter 
estimates (social vs. neutral video clips for first and second half separately; mean ± standard error for maximally activated voxel). 



hyperactivated in SAD patients compared to controls 
specifically during the first part of the disorder-related 
video clips. Specifically during the second part of the 
video clips, SAD patients showed stronger insula activa- 
tion than controls in response to social versus neutral 
video clips. Finally, increased activation of the anterior 
dorsal ACC to social versus neutral video clips was found 
during the whole time course of video presentation in pa- 
tients with SAD compared to HC participants. 

The hyperactivation of the amygdala during disorder- 
related video clips in SAD is in accordance with previous 
studies that reported increased amygdala responses dur- 
ing threat processing in SAD patients (for example, 
[3-8,60-65]; but see [20,35-37,66,67]). The amygdala, due 
to its interconnections to various cortical regions and to 
the brain stem and the hypothalamus additionally, is 



suggested to be of essential relevance for mediation of 
automatic, bottom-up processing of emotional, and par- 
ticularly threatening stimuli [15,68-70]. Furthermore, the 
present amygdala hyperactivation in SAD patients was 
found during the first half of the video presentation only. 
This implies a temporally restricted role of the amygdala 
at least during some forms of symptom provocation in 
SAD. The current finding is in accordance with a recent 
study on anticipatory anxiety in social anxiety [10] and 
allocates the amygdala a central role within a transient 
threat detection system [71,72], which affects both regu- 
lation of the autonomic nervous system as well as 
modulation of perceptual and emotional processing of 
relevant stimuli [9,68-70,73]. 

Repeatedly, the insula was shown to be involved in the 
processing of aversive emotional cues in SAD and other 



Table 1 Whole brain analysis of group differences in activation between social and neutral videos (SAD > HC) 





Social > neutral 






Neutral > social 






Hemisphere 


Talairach 


t-value 


Size (mm^) 


Talairach 


t-value 


Size (mm^) 




X y z 






X y z 







Whole video 

Superior frontal gyrus (BA 10) R 
First half 

Globus pallidus R 
Second half 

Middle frontal gyrus (BA 46) L 

Inferior frontal gyrus (BA 44) R 

Superior frontal gyrus (BA 8) L 

Superior frontal gyrus (BA 9) R 

Inferior parietal gyrus (BA 40) R 

Inferior temporal gyrus (BA 20) R 



23 


62 


27 


4.54 


621 


-50 


24 


19 


3.66 


297 


57 


11 


10 


4.52 


1350 


-15 


50 


39 


4.18 


513 


19 


60 


24 


4.54 


1215 



15 



216 



55 



42 
-34 



3.64 
3.77 



162 
567 



Peak coordinates obtained at a threshold of P <0.001 and cluster size >143 mm voxels. 
BA: Brodmann Area. 
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anxiety disorders [32]. Especially the anterior insula has 
been shown to play an important role in the processing 
of visceral and autonomic responses to emotional stim- 
uli (for example, [30,74]) and the integration of affective 
arousal responses with the perception of current physio- 
logical states [75]. Although several studies found a dif- 
ferential activation between SAD patients and controls 
in the insula (for example, [5,8,10,63,66]) others did not 
(for example, [3,6,13,60,61]). The delayed emergence of 
insula hyperactivation in SAD patients in the present 
study might indicate an increased monitoring of bodily 
states that follows after an initial phase of arousal and 
hypervigilance during the confrontation with disorder- 
related video clips. Bodily responses might in turn be 
monitored in more detail and assessed as well as inte- 
grated into cached models of physiological response pat- 
terns and stimulus related autobiographic and declarative 
information about the particular threat. These processes 
were proposed to contribute to the maintenance of social 
anxiety [76]. 

The response pattern of anterior dorsal ACC supports 
previous findings of increased activation in medial pre- 
frontal cortex areas in response to threatening stimuli or 
situations in patients with anxiety disorders [32], including 
SAD patients (for example, [6,8,66], but see [19,37,62]). 
Our results suggest a time-independent, constant affective- 
cognitive processing of threat in SAD due to the assumed 
role of midline regions of prefrontal cortex. This may re- 
flect the special characteristics of the video stimuli used in 
the present study, but it might in part also indicate greater 
self-referential and self-regulative processes [23-25] in SAD 
patients. Generally, individuals suffering from SAD are 
excessively self-focused [76], which may strongly rely on 
prefrontal functions [21,77-79]. Heightened self-focused 
attention seems to cause exaggerated negative self- 
evaluation, anxiety and arousal, and even social withdrawal 
[80] and is therefore a potentially relevant mediator for the 
development and maintenance of SAD. 

We would like to note several limitations of our study. 
We decided to analyze the video-related time courses 
based on a split-half method and refrained from using 
finer-grained time scale resolutions for the sake of parsi- 
mony. Further studies should investigate the time course 
of different brain areas with higher temporal resolutions. 
Furthermore, additional analyses did not reveal signifi- 
cant correlations between enhanced brain activation in 
the ROIs and symptom severity in SAD patients, sug- 
gesting limited clinical relevance of the present findings. 
The lack of significant correlations might be due to 
BOLD ceiling effects in SAD during processing of social 
video clips or varying effectiveness of different categories 
of video clips for different patients. These points should 
be investigated with increased sample sizes. Finally, we 
investigated only one method of symptom provocation. 



Our findings might be restricted to the stimuli used 
here. Future studies should compare different methods 
of symptom provocation in order to investigate whether 
similar effects are also present with other designs. Never- 
theless, our results suggest that responses in the amygdala, 
the insula, and other areas might be associated with a spe- 
cific time course during symptom provocation. 

Conclusions 

In summary, using a newly developed symptom provoca- 
tion design, we found different phases of brain activation 
in SAD patients as compared to controls when exposed 
to disorder-related and anxiety-provoking versus neutral 
video clips. We found increased amygdala activation dur- 
ing the first half of the video clips and increased insula ac- 
tivation during the second half in SAD patients compared 
to controls. Activation in medial prefrontal areas was sig- 
nificantly enhanced during the whole exposure period. 
Our findings support the prominent role of the amygdala 
in a transient threat detection system and the importance 
of the insula for prolonged and sustained processing of 
threat, while the time invariant hyperactivation pattern of 
anterior dorsal ACC is in accordance with current cogni- 
tive models of SAD. 
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